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Abstract 

. Using the most general model independent form of the effective Hamiltonian, 

I the rare Bg j£^i~ decays are studied by taking into account the polarization of 
the photon. The total and the differential branching ratios for these decays, when 

. photon is in the positive and negative helicity states, are presented. Dependence of 

^ I these observables on the new Wilson coefficients are studied. It is also investigated 

' the sensitivity of "photon polarization asymmetry" in Bs ji^^i" decays to the 

r"| ' new Wilson coefficients. It has been shown that all these physical observables are 

Q-i! very sensitive to the existence of new physics beyond SM and their experimental 

Q^' measurements can give valuable information about it. 

^ ■ PACS number(s): 12.60.Fr, 13.20.He 

> 
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1 Introduction 



The rare B-meson decays induced by the flavor-changing neutral currents (FCNC) have 
always been important channels for obtaining information about the fundamental parame- 
ters of the standard model (SM), testing its predictions at loop level and probing possible 
new physics. 

The observation of radiative penguin mediated processes, in both the exclusive B — > 
K*'j12[ and inclusive B — > Xgj channels have prompted the investigation of the radiative 
rare B meson decays with a new momentum. Among these, the semileptonic Bs 'yi'^i~ 
{i = e, fi, t) decays have received a special interest due to their relative cleanliness and 
sensitivity to new physics as well as ongoing experiments at the two B-factories [HE]. It is 
well known that corresponding pure leptonic processes Bg —>■ have helicity suppression 
so that their decay width are too small to be measured for the light lepton modes. In SM 
the branching ratio of the BR{Bs — >■ e^e~, — 4.2 x 10~^^ and 1.8 x 10~^, respectively. 

Although T channel is free from this suppression, its experimental detection is quite hard 
due to the low efficiency. In Bg t^t~'-j decay, helicity suppression is overcome by the 
photon emission in addition to the lepton pair. Therefore, it is expected for Bs 
decay to have a larger branching ratio and this makes its investigation interesting. Indeed, 
-Bs — ^ ^t^i~ decays have been widely investigated in the framework of the SM for light and 
heavy lepton modes 0-13, and reported BR{Bs — ^ 7 e'^e", 7 7 r+r~) = 2.35 x 10^^ 

, 1.9 X 10~^ and 9.54 x 10~^, respectively. The new physics effects in these decays have also 
been studied in some models, like MSSM fin]- [12] and the two Higgs doublet model fT^-fTTj. 
and shown that different observables, like branching ratio, forward-backward asymmetry, 
etc., are very sensitive to the physics beyond the SM. Investigation of the polarization effects 
may provide another efficient way in establishing the new physics. Along this line, the 
polarization asymmetries of the final state lepton in Bs ''yi~^£~ decays have been studied 
in MSSM in pfB] and concluded that they can be very useful for accurate determination of 
various Wilson coefficients. 

In a radiative decay mode like ours, the final state photon can also emerge with a definite 
polarization and provide another kinematical variable to study the new physics effects |llj . 
In this paper, we will study the rare i?s — >■ 7 decay by taking into account the photon 
polarization. Although experimental measurement of this variable would be much more 
difficult than that of e.g., polarization of the final leptons in i?s — >■ 7 decay, this is still 
another kinematical variable for studying radiative decays. In our work we will investigate 
sensitivity of such "photon polarization asymmetry" in Bs '~fi'^£~ decay to the new 
Wilson coefficients, in addition to the study of total and differential branching ratios with 
polarized final state photon. Doing this we use a most general model independent effective 
Hamiltonian, which contains the scalar and tensor type interactions as well as the vector 
types (See Eq.(IT]) below). We note that in a recent work [TH] we have studied a related 
mode — > 7 i/z/ with a polarized photon in a similar way and showed that the spectrum 
is sensitive to the types of the interactions so that it is useful to discriminate the various 
new physics effects. 

The paper is organized as follows: In section 2, we present the most general, model 
independent form of the effective Hamiltonian and the parametrization of the hadronic 
matrix elements in terms of appropriate form factors. We then calculate the differential 
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decay width and the photon polarization asymmetry for the B '~fi~^i~ decay when the 
photon is in positive and negative hehcity states . Section 3 is devoted to the numerical 
analysis and discussion of our results. 

2 Matrix element for the Bg decay 

The matrix element for the process -B^ — > 7 can be obtained from that of the purely 
leptonic B £~^i~ decay. Therefore, we start with the effective Hamiltonian for b si~^i~ 
transition written in terms of twelve model independent four-Fermi interactions as follows 

Heff = -^VtsV^UCsLStcr^u^Lbi^^i + CBRSza^^^Rbiri 

+Cli SLl.bL IlI^l + C'^'r SLl^bL IrY^R + Crl SRl.bR hl^L 

+Crr SR'jf.bR IrY^r + Clrlr sibR IdR + Crllr SRbi h^R (1) 
+Clrrl SLbR IrIl + Crlrl SRbL IrIl + Ct sa^^bia^'i 

where L and R are the chiral projection operators defined as (1 ±75)72, respectively. In ((l}, 
Cx are the coefficients of the four-Fermi interactions with X = LL, LR, RL, RR describing 
vector, X = LRLR, RLLR, LRRL, RLRL scalar and X = T, TE tensor type interactions. 
We note that several of the Wilson coefficients in Eq. do already exist in the SM: in 
the SM, Crr and Clr are in the form Cq^-^ — Cin and Cq-^-^ + Cin for the b si~^i~ decay, 
while the coefficients Csl and Crr correspond to -2m!c^/f and -2m,C^/^ , respectively. 
Therefore, writing 

'^LL — ^% — 10 + tvLL ; 
^L°A — ^9^^ + C*10 + ClR , 

we see that C*il and C^"^ contain the contributions from the SM and also from the new 
physics. 

Having established the general form of the effective Hamiltonian, we proceed to calculate 
the matrix element of the Bg decay. This exclusive decay can receive short- 

distance contributions from the box, Z, and photon penguin diagrams for 6 ^ s transition 
by attaching an additional photon line to any internal or external lines. As pointed out 
before [ZIIH], contributions coming from the release of the free photon from any charged 
internal line will be suppressed by a factor of ml / and we neglect them in the following 
analysis. When a photon is released from the initial quark lines it contributes to the so- 
called "structure dependent" (SD) part of the amplitude, A4sd- Then, it follows from Eq. 
(0) that, in order to calculate AisD, the matrix elements needed and their definitions in 
term of the various form factors are as follows [71 l2Uj: 

{^{k)\-s^,{lT7,)b\B{pB)) = -\[e,.x.e*'q^k"g{q^) 
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ikq)-{e*q)k^]fiq')} 



{j{k)\sa,,b\B{pB)) 



m 



B 



{j{k)\s{lTl5)b\B{pB)) 
(7 \sicrf,uq''b\ B{pb)) 



m 



2 ^ ^^fa/SQ ^ 



'k^G 



(2) 

(3) 

(4) 
(5) 



and 



{7{k)\sia^,q''il + ^,)b\BipB)) 



m 



B 



{e,ap.e''*q^k^g,{q')+t[e;{qk) - {e*q)k,]j\{q')} 



(6) 



where e* and k^ are the four vector polarization and four momentum of the photon, respec- 
tively, q is the momentum transfer, pb is the momentum of the B meson, and G, H and 
can be expressed in terms of the form factors gi and fi by using Eqs. ©, ® and The 
matrix element describing the structure-dependent part can be obtained from Eqs. (0)-® 

as 

aGp " ^ 



M 



SD 



B 



/^(l - 75)£ [Aie^.^^^-g^A;'^ + , A2(£;(A:g) - (£*g)A;, 

+ i^^^{l+^,)£ [B,e^,^^e*'q''k^ + tB2{e;{kq) - {e*q)k, 
+ i ^y.vo.i^o^''^ [G'£*"A;^ + Ee*''qf^ + N{e*q)q''k'^' 



(7) 



+ i I 



- + - + N^{e^q){q^k'' - q^k^") 



where 



A, 

A2 

Bi 

B2 

G 
H 



CBR + CsL)gi+(Ctl + CRL)g 

{Cbr — Csl) fi + {Cll ~ Cjil) f 
^{Cbr + CsL)gi + {Git + CRR)g 

— {Cbr - GsLjfl + [Clr - Grr^J 



AGrgi , N = -AGr-ih + gi) , 
N{qk) , G^ = -8GTE9l, 
8GTE\{fi+9i) , H, = N^{qk). 



When photon is radiated from the lepton line we get the the so-called "internal Bremsstrahlung" 
(IB) contribution, J^ib- Using the expressions 

(0|s7^75&|5(Pi?)) = - ifBPBf, , 
{0\sa^,{l + -fr,)b\B{pB)) = 0, 
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and conservation of the vector current, we get 

aGp ^ 



MiB = ^^VttV*efBt{F 





+ F, 



' +2...(-L- + -l-)^n, (8) 




_2pifc 2p2k \2pik 2p2k 

where 

F = 2mA C^^^ — C^^l + Crl — Crr) H —\Clrlr — Crllr ~ Clrrl + Crlrl 



Fi = — —{Clrlr — Crllr + Clrrl — Crlrl] ■ (9) 

Finally, the total matrix element for the ^[^[~ decay is obtained as a sum of the 

M.SD and M.IB terms, 

M = MsD + MiB. (10) 

The next task is the calculation of the differential decay rate of 5^ — 7 decay as 
a function of dimensionless parameter x = 2E^/mB, where E^ is the photon energy. In the 
center of mass (cm.) frame of the dileptons £~^£~, where we take z = cos 6' and 6 is the 
angle between the momentum of the i?s-meson and that of £~, double differential decay 
width is found to be 

dV 1 I , .,2 /. 1 \ 

xvmB , (11) 



dxdz (27r)364 
with 

1^1' = \MsDf + \MiBf + 2Re{MsDM*jB) (12) 



where v = yl — and r = mj/m%. We note that IA^/b] term has infrared singularity 
due to the emission of soft photon. In order to obtain a finite result, we follow the approach 
described in and impose a cut on the photon energy, i.e., we require E^ > 25 MeV, 
which corresponds to detect only hard photons experimentally. This cut requires that 
> 6mB/2 with 6 = 0.01. 

In such a radiative decay, the final state photon can emerge with a definite polarization 
and there follows the question of how sensitive the branching ratio is to the new Wilson 
coefficients when the photon is in the positive or negative helicity states. To find an answer 
to this question, we evaluate and for Bg 'ji^i^ decay, in the cm. 

frame of , in which four-momenta and polarization vectors , si and 62, are as follows: 



Pb = {EB,0,0, Ek) , fc= (Efc,0,0,Efc) , p, = {p,0,pVl-z^,-pz) , 
P2 = ip,0,-pVl~ z^,pz) , £1 = (0,1, z, 0)7^2 , £2 = (0,l,-z,0)/V2 , (13) 



where Eb = TnB{2 — x)/2y/l — x, Ef^ = mBx/2y/l — x, and p = m^i/l — x/2. Using the 
above forms, we obtain 



dr{e* 



dx 



2 



-rriBAie,) (14) 



(2 7r)' 4 
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where 

A{ei) = y|4x((8r + x) \Hi\' - (4r - x) \H\' j - 6m^(l - x)"lmp2 ± + ^2 ± 

+ -(1 - x)\2r + x)(\Gif + \Gf ± 2Im[-GiG*])) - 12me{l - x)xlm[{A2 ±Ai + B2± Bi)Hl] 



X 

,2/1 



±4(1 - x)((8r + x)lm[GH*] + (4r - x)lm[GiH*]) + 6m|(l - a;)'Re[(Ai ± A2)(5i ± ^2)] 
+m|(l - x)\x - r)(\Aif + IA2I' + + j^al' ± 2Re[A,A; + B^B. 



-6/71^(1 - a;)'Re[(A2 ± + ^2 ± + 4(1 - x)((8r + x)Re[Gii/*] - (4r - x)Re[Gi/ 

+- r^/|<^ (-2fx + (1 - 4r + x^)\n[u]) \F\^ ± 2(1 - x){2vx - (1 - 4r + x)\n[u])RQ[F F*] 

\L — x) y 

+ {2vx{Ar - 1) + (1 + 16r2 + x^ - 4r(l + 2x))\n.[u] \Fi\^ ) | 

+2x/b| ± (fx + 2r\n.[u])lm[-FHl] ± m£(l - x)ln[M]Re[(A2 ± Ai + ^2 ± 

-m£(2t;x + (1 - 4r - x)ln[M])Re[(A2 ± Ai + ^2 ± 

-2(t; - 2rln[M])Im[(-Fi ± F)(G* ± G*)] ± 2{vx - 2r\Ti[u])Re[FiH*] 

+—^—((vx{l + x) + 2r(l - 3x)ln[M])Im[Fii7*] - (1 + x)(t;x - 2r\n[u])Re[FiH*]) I (15) 
— xj J 

where +(— ) is for i = 1(2) and m = 1 + v/1 — v. 

The effects of polarized photon can be also studied through a variable "photon polar- 
ization asymmetry" [llj : 

rrf ^ '^^-'^^ A(50-A(g2) 

^(^) = infer- ^r(fcl = ' ^^^^ 

where 

A(£i) - A(£2) = ^x2^;|^^^±^^:-l^Im[GiG*] - 3m,x(lm[(Ai + i?i)Gt] + Re[(A2 + ^2)^*]) 
- Qmi{l - x)((Im[(Ai + Bi)H*]) + 2((1 + 8r - x)lm[GH*] - (1 - 4r - x)lm[GiH*]) 
+ m|x(3r(Re[A25* + AiB;] + (1 - r - x)Re[BiB; + AiA^]) | 

+ 8/|(2t;(l - x) - (2 - 4r - x)ln[M]) + AfBxi^2{v{x - 1) - 2r\n[u])lm[F H*] 

+ m£xln[M]Re[(A2 + ^2)^*] + me(2v{x - 1) + (4r - a;)ln['u])Re[(Ai + Bi)F*] 

+ 2(w-2rln[M])Re[FiG'*]-Im[FGt]+2(t;(l-a;)-2rln[n])Re[FiiJ*]| (17) 

and 



Ao = i^xh (^AmiRe{[Ai + ^i]^*) - 4m|r Re(Ai5* + A2B; 



-4 



\Hif {1 - x) +Re(GiH*)x 



'1 + 8r - x) 



x^ 



\Hf{l-x) + Re(GH*) 



X 



[1- Ar - x) 



x^ 



3 ^ 
1 2 
3 ^ 



2Re(GiV*) +m||A^|^(l-a;) 



[1- Ar - x) 



2Re(GiN*) +ml\Nif (1- x) (l + 8r-x 



-m^ |Ai|' + |A2r + |5i|' + |52r (1-r-x)-- \G\' + \G 



A 



[l + 2r~x) 

+ 2m^ Im([A2 + 52][6i/*(l -x) + 2G*x-m|A^*x(l 

+ 4/b (2^; Re(FG*)— - Re^FH*) + m|Re(FiV*) + m,Re([A2 + B2]F* 

+ ln[M] me Re{[A2 + ^2]^*) x{x - 4r) + 2 Re^FH*) 

- Arx Re(FG'*) + m| Re(FA^*) x(a; - 1) - Re([Ai + 5i]F 
^ 2x(l-x 



l-a; + 2r(x-2^ 



^* \ 2 



+ 4/|(2t;(|Fr + (l-4r)|Fi 
+ ln[M 



a; 

|2 



,2 / 4r 2 \ , ,2 / . ^ 2(l-6r + 8r2) ^ 
(2 + — - - - x) + \Fxf I 2(1 - 4r) ^ ^ ^ - x 



The expression in Eq. p7|) agrees with ^T] for the SM case with neutral Higgs contributions. 

3 Numerical analysis and discussion 

We present here our numerical analysis about the branching ratios (BR) and the photon 
polarization asymmetries [FT) for the — >■ ^t^t~ decays with t = \i^t. We first give the 
input parameters used in our numerical analysis : 

ms = 5.28 GeV , = 4.8 GeV , = 0.105 GeV , = 1.78 GeV , 
fB = 0.2 GeV, 1 V;* I = 0.045 , a"^ = 137 , Gf = 1.17 x 10~^ Gel/'^ 

= 1.54 X 10-12 g ^ Qeff ^ 4 34^ ^ _ -4.669. (19) 

Furthermore we assume in this work that all new Wilson coefficients are real and vary in the 
region —4 < Cx < 4. We note that such a choice for the range of the new Wilson coefficients 
follows from the experimental bounds on the branching ratios of the B K*fi~^fi~ and 
Bs — ^ /i^yU^ decays \TI\. It should be noted here that the value of the Wilson coefficient 
Gg^^ above corresponds only to the short- distance contributions. Gg^^ also receives long- 
distance contributions associated with the real cc intermediate states; but in this work we 
consider only the short distance effects. 
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To make some numerical predictions, we also need the explicit forms of the form factors 
f, Qi and /i. They are calculated in framework of light-cone QCD sum rules in [201111, 
and also in j22j in terms of two parameters -F(O) and mp- In our work we have used the 
results of [Zj, in which dependencies of the form factors are given as 

,2, IGeV 2x 0.8 Gel/ , ox 3.74 Gel/^ 0.68 GeV^ 

(i-A) (i-A) (i-S) 

We present the results of our analysis in a series of figures. Before their discussion we 
give our SM predictions for the unpolarized BRs, for reference: 

BR[Bs 7/U+/i") = 1.52 X 10"*^ , 
BR{B, 7r+r~) = 1.19 x 10~® , 

which are in good agreement with the results of ref. [T3] . 

In Figs. (0) and we present the dependence of the BR^^^ and BR^^^ for Bg 7/1 """/i" 
decay on the new Wilson coefficients, where the superscripts (1) and (2) correspond to the 
positive and negative helicity states of photon, respectively. From these figures we see 
that BR^^^ and BR^"^^ are more sensitive to all type of the scalar interactions as compared 
to the vector and tensor types; receiving the maximum contribution from the one with 
coefficient Crlrl and Clrlr, respectively. From Fig. (j21), we also observe that dependence 
of BR^^^ on all the new Wilson coefficients is symmetric with respect to the zero point, 
while for BR^^\ this symmetry is slightly lifted for the vector type interactions (Fig.(^). It 
follows that BR^^^ decreases in the region —4 < Cx < and tends to increase in between 
< Cx < +4. BR^^^ exhibits a similar behavior, except for the vector interactions with 
coefficients Cll, Crl and Clr- it is almost insensitive to the existence of vector Clr type 
interactions and slightly increases with the increasing values of Cll and Crl-, receiving a 
value lower than the SM one between —4 and 0. 

Differential branching ratio can also give useful information about new physics effects. 
Therefore, in Figs. 0- (0) we present the dependence of the differential branching ratio 
with a polarized photon for the i?^ — > 7 ^~ decay on the dimensionless variable x = 
2E^/mB at different values of vector, tensor and scalar interactions with coefficients Cll, 
Cte and Crlrl- We observe that tensor (scalar) type interactions change the spectrum near 
the large (small)-recoil limit, x — > 1 (a; — > 0), as seen from Figs. (j5l6p fFigs. (j7l8|) ). However, 
the vector type interactions increase the spectrum in the center of the phase space and do 
not change it at the large or small- recoil limit fFigs. ()3l4j) ). We also see from Figs.Q and 
(jD) that when Cll > 0, the related vector interaction gives constructive contribution to the 
SM result, but for the negative values of Cll the contribution is destructive. Therefore, it is 
possible to get the information about the sign of new Wilson coefficients from measurement 
of the differential branching ratio. 

From Figs.(PIHl), we also see that the branching ratios with a positive helicity photon 
are greater than those with a negative helicity one. To see this we rewrite Eq. fllSj) for the 
SM in the limit — > 0, 
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9C 

{ct" - c,o){9 ± /) - T. — h^Mgi ± a; 



(1 — x)m^ 



+ 



(1 — xjm^ 



B 
2\ 



(20) 



where +(— ) is for i = 1(2). It obviously follows that BR^^^ > BR^'^\ We note that this 
fact can be seen more clearly from the comparison of the differential BRs for (1) and (2) 
cases for the vector interactions with the coefficient Cll, given in Figs.© and (jlj), where 
dBR^^^ I dx is larger about four times compared to dBR^"^^ / dx. 

In addition to the total and differential branching ratios, for radiative decays like ours, 
studying the effects of polarized photon may provide useful information about new Wilson 
coefficients. For this purpose, we present the dependence of the integrated photon polar- 
ization asymmetry H for i?^ — ^ 7 fi^fi~ decay on the new Wilson coefficients in Figs. Q 
and (|iup. We see from Fig.Q that spectrum of H is almost symmetrical with respect to 
the zero point for all the new Wilson coefficients, except the Crl. The coefficient Crl, 
when it is between —2 and 0, is also the only one which gives the constructive contribution 
to the SM prediction of H, which we find H{Bs —>■ 7 fi'^fi~) = 0.64. This behavior is also 
seen from Fig. lfTm) . in which we plot the differential photon polarization asymmetry H{x) 
for the same decay as a function of x for the different values of the vector interaction with 
coefficients Crl. From these two figures, we can conclude that performing measurement 
of H at different photon energies can give information about the signs of the new Wilson 
coefficients, as well as their magnitudes. 

Note that the results presented in this work can easily be applied to the i?s — ^ 7 t+t^ 
decay. For example, in Figs. (fTT|) and (jl2j) . we present the dependence of the BR^^^ and 
for B, — > 7r+r decay on the new Wilson coefficients. We observe that in contrary 
to the fJ,^fi~ final state, spectrum of BR^^^ and BR^^^ for t^t~ final state is not symmetrical 
with respect to zero point, except for the coefficient Cte- Otherwise, we observe three types 
of behavior for BR^"^^ from Fig. lfT^ : as the new Wilson coefficients Clrrl, Crllb., Cll 
and Crr increase, BR^"^^ also increases. This behavior is reversed for coefficients Clrlr, 
Crlrl, Clr and Crl, i.e., BR^'^^ decreases with the increasing values of these coefficients. 
However, situation is different for the tensor type interactions : BR^^^ decreases when Ct 
and Cte increase from —4 to and then increases in the positive half of the range. We 
also observe from Fig.()ll|) that spectrum of BR^^^ is identical to that of BR^"^^ for the 
coefficients Clrlr, Clrrl, Crllr, Cll, Crr and Cte in between -A<Cx < +4. For the 
rest of the coefficients, namely Crlrl, Clr, Ct, it stand slightly below and almost parallel 
to the SM prediction in the positive half of the range, although its behavior is the same as 
when -A<Cx< 0. 

Finally we present two more figures related to the photon polarization asymmetry H for 
Bs ^ 1 T^T^ decay. Fig. (fT^ shows the dependence of the integrated photon polarization 
asymmetry H on the new Wilson coefficients. We present the differential photon polariza- 
tion asymmetry H{x) for the same decay as a function of x for the different values of the 
scaler interactions with coefficients Clrrl in fll4|) . We see from Fig. ()13|) that in contrary 
to the ix'^[JL~ final state, spectrum of H for r+r^ final state is not symmetrical with respect 
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to zero point. It also follows that when < Cx < 4 the dominant contribution to H for 
Bs — > 7r"'"r~ decay comes from Crlrl and Clr. However, for the negative part of the 
range H receives constructive contributions mostly from Clrrl, as clearly seen also from 
Fig. (HI. 

In conclusion, we have studied the total and the differential branching ratios of the rare 
-Bs ^ 7 decay by taking into account the polarization effects of the photon. Doing this 
we use a most general model independent effective Hamiltonian, which contains the scalar 
and tensor type interactions as well as the vector types. We have also investigated the 
sensitivity of "photon polarization asymmetry" in this radiative decay to the new Wilson 
coefficients. It has been shown that all these physical observables are very sensitive to the 
existence of new physics beyond SM and their experimental measurements can give valuable 
information about it. 
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Figure 1: The dependence of the integrated branching ratio for the i?^ — > 7 /i+yU decay 
with photon in the positive hehcity state on the new Wilson coefficients 




Figure 2: The same as Fig.(IT]), but with photon in negative hehcity state. 
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Figure 3: The dependence of the differential branching ratio for the 5s — > 7 decay 
with photon in the positive hehcity state on the dimensionless variable x = 2E^/mB at 
different values of vector interaction with coefficient C^l 
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Figure 5: The dependence of the differential branching ratio for the Bg —>■ 'j fJ'^fJ'~ decay 
with photon in the positive hehcity state on the dimensionless variable x = 2E^/mB at 
different values of tensor interaction with coefficient Cte 
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Figure 6: The same as Fig.©, but with photon in the negative helicity state. 
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Figure 7: The dependence of the differential branching ratio for the Bg —>■ '~f fJ'^fJ'^ decay 
with photon in the positive hehcity state on the dimensionless variable x = 2E^/mB at 
different values of scalar interaction with coefficient Crlrl 
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Figure 8: The same as Fig.Q, but with photon in the negative helicity state. 
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Figure 10: The dependence of the differential photon polarization asymmetry for the B, 
7 fi'^fi~ decay on the dimensionless variable x = 2E^/mB for different values of Crl- 



15 




Figure 11: The dependence of the integrated branching ratio for the Bg — > 7r^r decay 
with photon in the positive hehcity state on the new Wilson coefficients 
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Figure 14: The dependence of the differential photon polarization asymmetry for the B. 
•yr^T' decay on the dimensionless variable x = 2E^/mB for different values of Clrrl. 
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